SYNOPSIS In 35 normal subjects electromyographic silent periods were constantly evoked bilaterally in the masseter muscles during maximal contraction after unilateral electrical stimulation over the infraorbital or mental nerve. Findings in this study and data obtained in 30 patients suffering from trigeminal (26) and facial (four) nerve lesions suggest that the silent period evoked according to our methods is cutaneous in origin. The trigeminal sensory root forms the afferent limb of the silent period reflex. Its central pathway is thought to pass both crossed and uncrossed through the pons. Determination of the cutaneous silent period might be of value for the demonstration of trigeminal nerve lesions and to supplement results concerning other brain-stem reflexes.
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The electromyographic silent period (SP) refers to a transitory, relative or absolute decrease of EMG activity evoked in the midst of an otherwise sustained contraction (Shahani and Young, 1973) . The term SP should be reserved for reflex pauses following a stimulus of some kind -for example, an electrical shock-to peripheral nerves and the skin overlying them; phasic reflex contractions-for instance, a tendon tap; or sudden decreases in the load against which a muscle is contracting (unloading reflex). Several factors are involved in the SP, including recurrent inhibition of motoneurones (Renshaw inhibition), Golgi tendon organ inhibitory activity, a pause in muscle spindle input, cutaneous factors, and descending impulses from subcortical or cortical areas, as well as other mechanisms yet to be described (Shahani and Young, 1973; Struppler, 1975) .
In the masseter muscles SPs have been observed after acoustic stimuli, a tap on the chin, and stimulation applied to the surface of the tongue and to the masseter muscle belly (Hoffman and Tonnies, 1948; Struppler et al., 1960; Hufschmidt and Spuler, 1962; Shahani and Young, 1973; Meier-Ewert et al., 1974) . Some of the authors support the hypothesis that Golgi tendon organ activity plays a significant role in the genesis of masseter SPs, but others assign this role to spindle pause.
Because of the different anatomical tracts involved, the trigeminal nerve may be of special interest for the investigation of the various factors influencing the inhibition of motoneurones. The proprioceptive fibres from masseter spindles whose cells lie in the mesencephalic trigeminal nucleus and the efferent fibres from trigeminal motoneurones both pass through the so-called trigeminal motor root (Szentagothai, 1948; McIntyre, 1951; McIntyre and Robinson, 1959; Ongerboer de Visser and Goor, 1976) . Exteroceptive fibres run in the trigeminal sensory root, their cells lying in the Gasserian ganglion. Collateral branches terminate in the main sensory nucleus in the pons or in the trigeminal spinal tract and nucleus in the medulla oblongata. It is supposed that proprioceptive fibres from tendon organs also travel in the sensory root (Szentagothai, 1948; Hufschmidt and Spuler, 1962) .
The purpose of the present study was to investigate cutaneous factors influencing the masseter SP. A group of normal subjects and a group of patients suffering from trigeminal nerve lesions were studied. To determine whether a facial muscle input plays a role, a group of patients with a peripheral facial palsy was also investigated.
METHODS
EMG activity was recorded simultaneously from both masseter muscles with concentric needle electrodes. The subject was instructed to maintain maximal clenching of the jaws, which was monitored by both the subject and the observer by the loudspeaker of the electromyograph, and by the observer lvia the interference pattern on the oscilloscope.
In 30 normal subjects (age range 23-74 years, mean 41.7 years) SPs were evoked by percutaneous unilateral square wave electrical stimuli lasting 0.2 ms at 100-200 V, applied successively to the mental, infraorbital, and supraorbital nerves in 15 of the subjects and only to the mental nerve in the others. The stimulator triggered the sweep of a dual-trace persistence oscilloscope.
In five normal adults we attempted to stimulate only cutaneous afferent fibres electrically. Trains of stimuli, 5-10 ms of 0.1-0.3 ms pulses repeated at a frequency of 300 per second, were delivered through bipolar stimulating electrodes placed intracutaneously on the right or left side of the chin. The voltage (10-15 V) was adjusted so that it lay above the threshold for subjective sensation that is, moderately strong but painless tingling.
For all individuals, three responses were usually superimposed on the storage oscilloscope for subsequent photography and measurement. Figure   IA shows the methods used for measurement. The duration of the SP was taken as the interval between the onset (0) of the silence and the beginning of the uninterrupted voluntary activity (X). The latency time was measured from the stimulus (S) to the onset of the silence (Higgins and Lieberman, 1968; McLellan, 1973) . In the patients, furthermore, the blink and jaw reflexes, recorded by the methods reported elsewhere (Ongerboer de Visser and Goor, 1974) , and masseter EMGs were investigated.
Thirty selected patients (age range 14-76, mean 51.7 years) were studied. In 17 surgically treated cases the lesions were located outside the brain stem: 12 cerebellopontine angle tumours, one hemimandibularectomy with excision of the masseter muscle as treatment for a tumour, two retrogasserian root section (Dandy), one gasserian coagulation (Kirschner), and one infraorbital and inferior dental nerve exeresis. The last four of these operations were performed as treatment for trigeminal speech, a horizontal conjugate gaze paresis, and an otherwise unspecific clinical picture; this tumour was verified both angiographically and ventriculographically (Fig. 2) . The other patient with a right pontine localization of the tumour verified at necropsy (Fig. 3) showed a crossed hemiparesis with sixth, seventh, and eighth cranial nerve involvement and non-function of both the trigeminal sensory and motor roots.
Four of these nine cases had clinical features characteristic of the Wallenberg syndrome, where infarction typically involves the spinal tract and nucleus of the trigeminal nerve in addition to other structures (Wilkins and Brody, 1970) .
In four patients with peripheral facial paralysis and normal trigeminal nerve functions, SPs were also provoked in the masseter muscles.
RESULTS
After unilateral percutaneous supramaximal stimulation applied to the infraorbital or mental nerve, all of the 30 normal subjects showed a SP in the masseter muscles on both sides (Fig. IA  and B) . After supraorbital nerve stimulation, on the contrary, absolute electrical silences were briefly observed in only four of the 15 subjects. (Fig. lB and C) . The five normal subjects in whom only cutaneous afferent nerve fibres were stimulated by intracutaneous application of trains of electrical stimuli showed masseter SPs identical with the SP obtained by percutaneous single stimuli (Fig. IC) .
On the basis of clinical findings and observations made during surgery or necropsy combined with electrodiagnostic findings consisting of blink and jaw reflexes and masseter myograms, eight groups of patients were distinguished ; Ongerboer de Visser and , as follows: GROUP 1 Four patients had an isolated unilateral trigeminal motor root lesion, showing wasting of the masseter muscle, denervation potentials and no action potentials in the masseter EMG, no jaw reflex, normal sensation, and normal blink reflex. The patient in whom half of the mandible with the masseter muscle had been removed was assigned to this group on the basis of the results obtained after infraorbital nerve stimulation. The patients in this group had normal SPs on the normal sides after stimulation applied to both the normal and the affected sides (Fig. 4A) . GROUP 2 Three patients had a combined trigeminal motor and sensory root interruption. These patients showed the same motor root dysfunction as group 1 and also sensory root dysfunction: a hemifacial sensory loss and an afferent block in the blink reflex.
In this group no SPs were obtained on the contralateral side after stimulation applied to the affected sides. Stimulation on the normal side gave ipsilaterally normal SPs (Fig. 4B) . GROUP 3 Four patients had an isolated unilateral trigeminal sensory root lesion, and showed the same sensory root dysfunction as group 2, no weakness of the masseter, and a normal jaw reflex and masseter EMG.
The patients in this group showed no SPs on either side after stimulation on the affected side, but bilaterally normal SPs were obtained after stimulation of the normal side (Fig. 4C) . GROUP 4 Six patients had a lesion in afferent fibres of the trigeminal motor root outside the brain stem. Both voluntary masseter contraction and the masseter EMG were normal, but no jaw reflex could be evoked on the affected side. No abnormalities in the sensibility or the blink reflexes were found.
The patients of this group showed normal masseter SPs after stimulation applied ipsilaterally to the side lacking jaw reflexes. GROUP 5 Three patients had unilateral midbrain lesions. The results in these patients were the same as those in group 4, including the normal masseter SP findings. GROUP 6 Two patients had pontine tumours. In the patient with the tumour located deep in the pons no abnormalities of the fifth cranial nerve function were detected; the jaw and blink reflexes were normal; a unilateral SP was recorded ipsilaterally on the stimulated side and no SP was seen on the contralateral side (Fig. 4D) . The patient with a right pontine localization of the tumour showed the same fifth cranial nerve symptoms and electrodiagnostic results as indicated for group 3, including the masseter SP findings (Fig. 4C) . GROUP 7 Four patients had the Wallenberg syndrome. These patients showed a hemifacial sensory disturbance with an afferent delay in the blink reflex of the type reported by Kimura (1973) , normal masticatory function, and a normal jaw reflex and masseter EMG.
This group had normal masseter SPs.
GROUP 8 Four patients had unilateral facial paralysis, an efferent block in the blink reflex, and normal jaw reflexes and masseter EMGs. In this group the masseter SPs showed no abnormalities.
The mean SP duration in the 30 patients was 53.6 ms (range: 9-96 ms) and the mean latency 11.8 ms (range: 10-14 ms).
DISCUSSION
The SPs recorded during maximal contraction of the masseter muscles showed identical characteristics in each individual. Interruptions caused by short periods of recurrence of EMG activity ( Fig. 1 The bilaterally absent SP in the patients with a selective trigeminal sensory root interruption (group 3) (Fig. 4C) , as opposed to the contralaterally normal SP findings in group 1 consisting of patients with a trigeminal motor root interruption (Fig. 4A) indicates that the SP reflex is transmitted through the trigeminal sensory root and crosses the midline. The SP reflex also travels uncrossed, as demonstrated by the patients of group 2 (one-sided complete interruption of the fifth nerve; Fig. 4B ) and by the patient with the tumour in the mid-pontine region in group 6 (Fig. 4D) . The normal SP findings in the cases with unilateral midbrain (group 5) or medullary lesions (group 7), both involving the trigeminal nerve centrally at these levels as opposed to the abnormal SP findings in the patients with pontine tumours (group 6), suggest that the masseter SP reflex is relayed through the pons and crosses the midline in this region. This suggestion is consistent with the findings in the cat made by Kidokoro et al. (1968a,b) after electrical stimulation of trigeminal exteroceptive fibres. They invariably found trigeminal motoneurone inhibition, making it probable that the SP reflex is transmitted in the region dorsomedial to the trigeminal motor nucleus in the pons. Axon collaterals of the inhibitory interneurones may cross the midline and impinge directly on the contralateral masseter motoneurones.
The results of the present study show that recording of the masseter SP reflex is a relatively simple electrodiagnostic method for the detection of trigeminal sensory root lesions. For a median pontine lesion the SP reflex (Fig. 4D ) may be of special clinical interest, because this reflex seems to cross the midline in the pons, unlike such reflexes as the early blink, H, and jaw reflexes passing through this region unilaterally (Kimura, 1973; Godaux and Desmedt, 1975; Goor and Ongerboer de Visser, 1976) . In our patient with such a lesion the sensation and masticatory function as well as the jaw and blink reflexes showed no abnormalities. For such cases, and those with sensory root interruptions, the inhibitory phenomena evoked in the masseter muscles by the techniques we applied seem to offer a valuable supplement to the results of recorded brain stem reflexes travelling through the pontine level. The pontire lesions, however, require further study. 
